In the present study, the authors examined the heavy-metal-capturing properties of maleic acid/acrylamide (MA/AAm) gel which has plural carboxyl bases in a molecule. It was observed that the heavy-metal-capturing efficiency of the MA/AAm gel is very smaller than that of the sodium acrylate/acrylamide (SA/AAm) gel at the same AAm molar-fraction and total network density; in spite that the number of the carboxyl groups in the MA/AAm gel is twice as many as those of the corresponding SA/AAm gel. From the experimental results in the present study, it has been revealed that the heavy-metal-capturing functionality is influenced by the conditions other than the carboxyl-group number in the hydrogels.
INTRODUCTION
Heavy metals are indispensable in the modern life and are utilized in the various area of the industry. However, it has been also pointed that most of them are toxic and cause serious health hazards; and, as is well-known, they brought on the notorious environmental pollution issues in the past [1] . In order to meet the needs of the consensus for purifying the environment, the environmental laws were established and the discharge of hazardous wastes into the environment has been strictly regulated. However, the hazardous heavy metals already flown out to the environment will not become harmless by themselves nor will vanish away; in spite that the environmental pollution by the hazardous industrial-wastes has considerably blown over with the unceasing efforts in these days [2] . Therefore, immediate and effective recovery measures to bring out the hazardous heavy metals from the environment will be important in order to prevent them from spreading in the environment; and, in this context, the new environment purifying materials which can be easily operated by small-scale apparatuses have been eagerly anticipated in order to actualize such measures into practice.
Under these circumstances, the authors have been expecting that some hydrogels are of assistance for realizing such environmental purification system [3] [4] [5] [6] [7] [8] . Some of the ionized hydrogels are known to capture the heavy-metal ion and to show the volume transitions above some heavy-metal-ion concentrations [7] ; by utilizing this feature, Jacson et al. developed a metal-iondetector by utilizing the interpenetrating network gel of poly(vinyl alcohol) and N-isopropylacrylamide/Acrylic acid [8] . However, these studies focused only on the change in the volume phase transition point such as the transition heavy-metal-concentration and the transition temperature and did not noticed their heavy-metal capturing efficiency, which is most important for the development of the environment-purifying materials. The authors have been investigating the heavy-metal capturing efficiency of hydrogels and found that they show considerably high efficiencies as described below [9] [10] [11] [12] [13] [14] [15] [16] [17] .
On both the positive and negative polarities, the authors measured the heavy-metal-ion capturing efficiencies of the ionized-hydrogels in the previous studies [9] [10] [11] [12] [13] [14] [15] [16] [17] . In these investigations, it was found that the heavy-metal-cation capturing efficiency of Sodium acrylate/Acrylamide (SA/AAm) gel attains ~20 wt% of network polymer [9] . Besides, it was also found that the heavy-metal-cation capturing hydrogel can be also made with a biodegradable material such as γ-ray-irradiated sodium carboxymethylcellulose (CMC-Na), of which the heavy-metal capturing efficiency is comparable to the SA/AAm gel [9] . As for the newly developed heavymetal-anion capturing gels, it was also found that almost of their heavy-metal capturing efficiencies are larger than those of SA/AAm and CMC-Na gels and much larger than those of zeolites and ion-exchange resins [10] [11] [12] [13] . One of the principal reasons of such a high heavymetal-capturing efficiency can be that the organic hydrogels investigated in the authors' investigations are composed of light elements such as H, C, N and O. Because of these light ingredients, the weight of the adsorbent (hydrogel) can be set very small compared with the adsorbate (heavy metal) in contrast to the case of the inorganic adsorbents such as zeolites.
However, there have been still some more tasks in order to realize the environment-purifying hydrogels in spite of their promising properties. Among them, the post-processing of the hydrogels after the heavy-metal Adsorbed Ni(II)(mg)@1g of gel MA Ratio (mol%) adsorption was still important; otherwise the hydrogels themselves will be stubborn wastes. In order to solve the abovementioned task, the repetitive use of the hydrogel with the regeneration procedure has been thought to be desirable, which is also thought to be a good method from the viewpoint of the resource saving and the less repository-site possession. As for the repetitive use of the hydrogel, it thought to be also necessary that the hydrogel has an additional functionality being easy to desorb the adsorbed heavy metals. Under these circumstances, in the previous studies [14, 15] , the authors carried out the successive measurements of the Ni(II)-adsorption to hydrogels and the subsequent desorption from the gels in order to examine the possibility of the realization of these heavy-metal-cation recovery system by utilizing the p-Styrenesulfonicacidsodiumsalt/ Acrylamide (p-SSAS/AAm) gel and the SA/AAm gel as model heavy-metal-capturing hydrogels. Roughly speaking, they almost equally show high heavy-metal capturing efficiencies while, as to the desorption ratio, considerably different features in some condition range [14, 15] .
In spite of the importance of the total efficiency for the abovementioned heavy-metal recycling process, it should be emphasized that the adsorption functionality of the hydrogel should be most important because the adsorption process is the initial stage of the heavy-metal recovery system. Therefore, the examinations whether or how a new hydrogel can capture the heavy metals are indispensable for the development of the heavy-metal recycling system. In these situations, in the present study, the authors investigated the heavy-metal capturing properties of maleic acid/acrylamide (MA/AAm) gels; because, in a simple estimation, an MA molecule has two carboxyl groups, by which the MA/ AAm gel seemed to show the higher heavy-metal-capturing efficiency than that of the SA/AAm gel.
EXPERIMENTALS
Several pre-gel solutions of 1.4 M total-concentration were prepared with setting the molar ratios [MA] : [AAm] = 2 : 12, 3 : 11, 4 : 10, 5 : 9, 6 : 8. Then, 0.133 wt% of N,N'-methylenebisacrylamide (BIS, crosslinker) was added to each the pre-gel solution. For initiating gelation, 0.04 wt% of ammonium persulfate was put into each the pre-gel solution. Then the solutions were left intact at 50 °C for 24 hrs. The above-described molar-ratio range in the present study was determined by the fact that the MA/AAm gel with the MA-ratio more than [MA] : [AAm] = 6 : 8 were found to be turbid in the preliminary experiments, of which the feature may be still interesting and will be described elsewhere.
After the period of the gelation, cubic portions of ~1×1×1 cm 3 (~1 g) were cut out from the gel lumps and the weights of the gel cubes were measured. Then, the cubes were immersed in pure water for 24 hrs for washing out unreacted ingredients; and the weights of the gel cubes were again measured after the rinsing treatment. The swelling ratio of each the gel cube was calculated by dividing the latter weight value by the former one.
In the present experiments, Ni(II) was adopted as a model heavy-metal cation. For examining the Ni(II)-capturing functionality of the MA/AAm gel, each the gel cube after cleansing treatment was immersed in an experimental cell filled with 50 mℓ of 10 mM NiCl 2 aqueous solution for 24 hrs, then, the cubic gels were carefully taken out from the cells. After these process, measured were the Ni(II)-concentration and volume of the solutions remaining in the experimental cells: the Ni(II) concentration of the remainder solution was [14, 15] . 3. RESULTS Figure 1 shows MA-fraction dependence of the swelling ratio of the MA/AAm gel. As can be seen from the figure, the swelling ratio of the MA/AAm gel becomes smaller with increasing the MA-ratio. This feature shows clear contrast to the other analogous ionized gels such as above-described SA/AAm gel which usually shows large upsurge in the swelling ratio with increasing the SA-ratio known as the "volume phase transition" [4] [5] [6] [7] . Figure 2 shows the MA-fraction dependence of recovered Ni(II) weight at 1 g of the pre-gel solutions of the MA/AAm gels. As described above, the authors adopted this description to express definitely the amount of MA and AAm in the respective gels because the MA/AAm gels expand in different degrees with the MA composition ratio to AAm in the rinsing procedure in pure water as shown in Fig. 1 . As is clearly seen from the data in Fig. 4 , each the MA/AAm gel shows very small capturing efficiency compared with that of the SA/AAm gel of the same molar fraction of AAm and network density. Besides, the heavy-metal-cation capturing efficiency of the MA/AAm gel shows almost no dependence on the MA-ratio, which is also different from the feature observed in the SA/AAm gel.
DISCUSSIONS
Under the circumstances described in the section of introduction, the authors have been examining the heavy-metal-adsorption and -desorption functionalities of the various hydrogels [9] [10] [11] [12] [13] [14] [15] [16] [17] in order to explore new environment purifying gels and, at the same time, to devise new heavy-metal-recycling systems which can settle the abovementioned issues on the depletion of the final landfillsites and the heavy-metal resources.
In order to compare the results observed in the present and previous studies [14, 15] , let us describe the previous results more in detail. Figures 3 and 4 show total-polymer-concentration dependences of recovered Ni(II) weight at 1 g of the pre-gel solutions of the p-SSAS/AAm and SA/AAm gels, respectively observed in the previous studies [14, 15] . As can be seen from the figures, the p-SSAS and SA work sufficiently as a heavy-metal-cation capturer in polymer network of the p-SSAS/AAm and SA/AAm copolymer gels. The amounts of the adsorbed Ni(II) increases with increasing the p-SSAS and SA fractions, while they show mound-like dependences on the total concentration with a summit around 1.4 M. As for the desorption ratio, the detailed features are omitted due to limitations of space, the p-SSAS/AAm and SA/AAm gels exhibit different features [14, 15] : The p-SSAS/AAm gels show almost 100 wt% of the Ni(II)desorption ratio below 30 mol% of the p-SSAS-fraction, above which the desorption ratio decreased with increasing the fraction of p-SSAS; also, the desorption ratio decreases with increasing the total network concentration. On the other hand, the desorption ratios of the SA/AAm gels are almost 100 wt% in almost all of the SA fractions and total polymer concentrations.
Among the constituents composing the heavy-metal capturing gels, the most principal part can be the ionized group in the side chain which colligates the heavy-metal ions via some electrostatic coupling mechanism such as chelation. No matter how the specific couplings are formed between the functional part in the side chain and the heavy-metal ions, the amount of the captured heavy metals may depend on both of the coupling-strength and the ionized-group number coupled with the heavy-metal ions. By comparing Figs. 3 and 4 , the influence of the coupling-strength can be seen because the p-SSAS has strong-acid group while the SA, weak-acid one; broadly speaking, the p-SSAS/AAm gel captures more amount of Ni(II) than the corresponding SA/AAm gel which contains the same mole amount of the functional monomers.
In the case of the MA/AAm and SA/AAm gels, the functional group of both the gels is the same one, the carboxyl group. Therefore, at first viewing, the influence of the ionized-group number seemed to be dominant in the process of the heavy-metal adsorption because the number of carboxyl groups should be larger in the MA/AAm gel than in the SA/AAm gel in the comparison with the same molar amount of the functional monomers. However, as can be easily noticed by comparing Figs. 2 and 4, the Ni(II)-capturing amount of the MA/AAm gel is very smaller than the corresponding SA/AAm gel, being contrary to the abovementioned expectations. For the development of the exploring policy for highly-functional heavy-metal-capturing gels, the analyses of the opposite cases should be still important because of realization of the nature of the heavy-metal-capturing functionality.
Let us consider the factors affecting the heavy-metal capturing property more in detail. The authors have been considering that the results of the abovementioned swelling-ratio measurements of the MA/ AAm gels can be a key to understand the results observed in the present heavy-metal adsorption measurements. As is described in the emergence mechanism of the volume phase transition of the gels, the volume of the gels are governed by several factors [3] [4] [5] [6] [7] . Conversely, therefore, the interaction between the components in the MA/ AAm gel can be estimated from the behavior of the swelling ratio which was also observed in the present investigation.
According to Refs. 3-6, the volume of the ionized gel becomes larger with increase in the collective amount of the dissociation degree, for which there may be two ways: one is increase in the number of the ionized group in the gel; and the other, the multiplication of the ionization degree of the respective group. On reflection on these estimations, the features of the swelling ratio observed in the present study gives the important information on the dissociation of the ionized group. As shown in Fig. 3 , the swelling ratio becomes smaller with increasing the MA-fraction. Because the number of the carboxyl groups should be increased with a rise in the MA-fraction, the experimental result indicates that some factors grow with the MA-fraction elevation, which may suppress the superficial dissociation degree as a whole. Therefore, because the heavy-metal capturing functionality is closely related to the collective dissociation degree, the heavy-metal adsorption efficiency is thought to become very small.
Though the obstructive factor is not fully clear now, the phenomena found in the present study are very informative and interesting because such features have been never observed in the gels with the single carboxyl group in the monomer. The more detailed investigation is now in execution in order to make clear the mechanism of the features observed in the present investtigation.
